Conventional genetics assumes common variance among alleles or genetic groups.
INTRODUCTION
Homogeneity of variance among genotypes, strains or genetic groups has been a major assumption of quantitative genetic analysis and evolutionary theory (see (FALCONER and MACKAY 1996; LYNCH and WALSH 1998) ) for nearly a hundred years (FISHER 1922) . However, a number of vertebrate and invertebrate model systems suggest the possibility of genetic variance in residual variability or phenotypic heterogeneity: Drosophila experiments in the 1950's found twice the variance for body size in homozygote flies compared to heterozygotes (REEVE and ROBERTSON 1953) and increasing phenotypic variance for both low-and high-selected lines selected for abdominal bristle number (CLAYTON and ROBERTSON 1957) . Reaction time in attention deficit/hyperactivity disorder (ADHD) (see (CASTELLANOS et al. 2005; RUSSELL et al. 2006) ) shares familial effects with intra-individual variability (IIV) in reaction time, suggesting a genetic basis for residual variation (ANDREOU et al. 2007 22915; WOOD et al. 2009 ). Genetic effects on residual variance has been observed in several systems including rodent genetic models of ADHD (PERRY et al. 2010a; PERRY et al. 2010b) , associations of genotype with thermotolerance in fish (PERRY et al. 2003) and abdominal bristles in Drosophila (MACKAY and LYMAN 2005) . The basis of this phenomenon is unknown: genetic structure in residual variance might be from the inability of homozygotes to buffer their physiology against microfluctuations in external environment (genetic homeostasis) (LERNER 1977) , or from genotype/allele-specific variance functions, much as allele-specific means (termed here allelic heterogeneity; see (HILL and ZHANG 2004) ). Numerous examples of this genetic phenomenon explicitly involve sex: operant behavior in rats (PERRY et al. 2010a ), sex-chromosomal×autosomal interaction for thermotolerance (PERRY et al. 2003) , clonal lines and bristle number in Drosophila (CLAYTON and ROBERTSON 1957; MACKAY and LYMAN 2005) and gene expression in mice (FRASER and SCHADT 2010) . Sex may be a common element in this effect; buffering of environmental effects on genetic systems may be a predominantly female physiological process (FRASER and SCHADT 2010) .
Nephrolithiasis (kidney stones) is a common condition in industrialized countries, affecting up to 12% in men and 6% of women and having a recurrence of up to 10% (DEVUYST and PIRSON 2007) . The most common risk factor for nephrolithiasis is hypercalciuria, the excess excretion of urinary calcium (COE et al. 2005) . We have used the Genetic Hypercalciuric Stoneforming rat (GHS), a model of this phenotype developed from Sprague-Dawley (SD) rats selected for urinary calcium excretion (BUSHINSKY et al. 2002; BUSHINSKY et al. 2006; BUSHINSKY et al. 1995; FRICK and BUSHINSKY 2003; KRIEGER et al. 1996; LEVY et al. 1995; LI et al. 1993; TSURUOKA et al. 1997; YAO and AL 1998) , to map two quantitative trait loci (QTL) for urinary calcium excretion using F 2 intercrosses of GHS rats and normocalciuric Wistar-Kyoto (WKY) rats (HOOPES et al. 2008) : HC1 (on rat chromosome (RNO) 1; (HOOPES et al. 2003) ), and HC2 (RNO4; (SCHEINMAN et al. 2008) , both of which were only detected in females. These genes are underlain by an array of genes associated with calcium physiology (HOOPES et al. 2006) . However, further examination of Hoopes et al (2003) revealed that female GHS rats also had a variance forty times and a coefficient of variation (CV = σ/µ) 2.3 times that of male GHS rats, and that nearly the reverse was true in male and female WKY progenitors, implicating genotype-by-sex interaction in the generation of random variation. Further, there was increasing generation-to-generation variability in urinary calcium over the selective development of the GHS line, a pattern suggestive of increasing variation in selection lines of Drosophila bred by Clayton and Robertson (1957) (see (HILL and BUNGER 2004; HILL and ZHANG 2004) ). The architecture of urinary calcium and stone formation differs markedly between the sexes in mammals: males and females have different urinary calcium in rats (HOOPES et al. 2003) and humans (COE 1988; CURHAN et al. 1997) , which have more stones than females (ALAYA et al. 2010; MONK and BUSHINSKY 2003) .
We hypothesized that sex would have a significant effect on genetic dispersion in calcium excretion in our rat model. Specifically, we hypothesized: i) that such dispersion would be associated with particular microsatellite markers (individual locus model) rather than overall inbreeding coefficients (genetic homeostasis), ii) that sex would affect dispersion in calcium excretion, and iii) that the effects of QTL for individual phenotypic dispersion (PD i ) in calcium excretion would be sex-linked. We tested these hypotheses using residuals and heterozygosity analysis in 236 male and female F 2 GHS × WKY rats genotyped at 176 microsatellites, and annotational gene expression analysis in strain progenitors.
MATERIALS AND METHODS

Husbandry and experimentation
Calcium excretion in the GHS, selectively bred from SDs over seventy generations (D.
Bushinsky, University of Rochester) is eight times that of normocalciuric WKY and SD controls (BUSHINSKY and FAVUS 1988; BUSHINSKY et al. 2006) . F 1 GHS×WKY rats were bred from GHS females and WKY males, since mean urinary calcium and molecular differentiation were greatest between these groups (HOOPES et al. 2003) . Male and female F 2 rats were then bred from F 1 rats for the mapping of QTL for calcium excretion. GHS, WKY, F 1 and F 2 rats were subjected to the same protocol for the assay of urinary calcium excretion: at eight weeks of age, each rat was placed in a separate metabolic cage (Acme Metal Products, Chicago, IL) and fed 13 g/d of a normocalciuric rat diet (0.6% calcium, 0.65% phosphorus, 0.24% magnesium, 0.40% sodium, 0.43% potassium, 2.2 I.U. vitamin D3/gram food) for four days. Rats consuming less than 12 g food or 15 ml water on any of the four days were removed from the experiment.
Individual 24-h urine collections on the fourth day of the protocol were stored in 12M hydrochloric acid and urinary calcium assayed from photometric absorbance after reaction of the total sample with arsenazo III (MICHALYLOVA and ILKOVA 1971) (see (BUSHINSKY et al. 2002; BUSHINSKY and FAVUS 1988; BUSHINSKY et al. 1995; KIM and AL 1993; LI et al. 1993; TSURUOKA et al. 1997) . We produced three cohorts of F 2 rats: March 1997, November 1998 and January 2001.
Genetic analysis
Whole-genomic DNA was extracted from frozen (-70°C) liver tissue (Puregene DNA Isolation Kit, Gentra Laboratories Inc.; Minneapolis, MN). We PCR-amplified 255 microsatellites on a PCT-200 (MJ Research; Waltham, MA) in the F 2 rats using run parameters from Research Genetics (www.resgen.comproductsRtMPs.php3). Initially, microsatellites were selectively genotyped within date-cohort (≈ 20% of the upper and lower tails for calcium excretion); those with interesting associations with urinary calcium were selected for further genotyping. DNA fragments were separated on either 6% acrylamide sequencing gels or 4% agarose gels (see (HOOPES et al. 2003) ).
Residuals by sex and genotype
All statistics were run in SAS (2000) . We calculated the mean (µ), standard deviation (σ), variance (σ 2 ) and coefficient of variation (CV) within each sex in the F 2 mapping cohort.
We estimated the residual deviation (r) of individual F 2 rats from their predicted phenotype as defined by the independent variables in the general linear model (HOOPES et al. 2003) . Residuals were absolute-transformed for analysis; absolute residuals (|r|), as the absolute deviation from all independent variables, were considered to represent residual phenotypic instability, and termed individual phenotypic dispersion (PD i ). Since litter and rearing cohort were partially confounded, we used mean phenotype for each level of each term as a quantitative variable rather than a factorial. The locus term was included in the model as a control against mean urinary excretion among genotypes at known and unknown classically-acting QTL for calcium excretion (HOOPES et al. 2008) . Next, in order to determine the effect of sex on PD i , we used a reduced version of the above fitting no effect for sex, but modeling the effects of sex separately +/-0.5 for under/overdominance, respectively, for WKY, heterozygote and GHS genotypes.
P-values at or below the Bonferroni-adjusted α 0.05 threshold were considered to be significant evidence for rejection of the null hypothesis, and those at or below the sequential False Discovery Rate (FDR; (VERHOEVEN et al. 2005) as suggestive. FDR is less stringent than Bonferroni for familywise error rate (FWER) but has less incidence of type II error (HOLM 1979; MORAN 2003; VERHOEVEN et al. 2005) . In the FDR, empirical p values (P emp ) from the m independent tests were ranked from P 1 … P m . P i for each locus (i -m) was then tested against the partial inequality P i ≤ αi/m, where α = 0.05 and i was the rank of that test based on P emp in ascending order. Where P (i=emp) ≤ αi/m, that null hypothesis and those with lower P i (ranked from 1 to P (i=emp ) were rejected (BENJAMINI et al. 2001; BENJAMINI and HOCHBERG 1995; VERHOEVEN et al. 2005) . The significance of all loci was also tested using permutational thresholds created from 1000 bootstrapped  values for each test on the above criteria were compared against this distribution; those higher than the 5 th percentile of the distribution were considered to support the null hypothesis (CHURCHILL and DOERGE 1994) after correction for multiple testing. We tested whether sexual differences in expression at QTL for PD i in urinary calcium were scalar (similar PD i means genotypic means for males and females, but non-significant in one sex) (see (LYNCH and WALSH 1998) , or whether crossovers in mean PD i occurred for the same genotype in males and females. For this test, we calculated PD i as above and used a subsequent model with a main effect for the microsatellite locus (α i ) and an interactive term for sex-by-locus interaction (α i λ j ) for those loci with significant (Bonferroni) or suggestive (FDR) associations with PD i in urinary calcium. FDR thresholds were calculated separately for tests using all individuals (Model 1), males and females (Model 2).
General differences in PD i by sex were tested using nonparametric ranking on absolute residuals from a model as above but without terms for sex or microsatellite locus. Sexual differences in PD i overall were then tested using a one-way nonparametric model (SAS 2000).
Multilocus heterozygosity:
We regressed multi-locus heterozygosity (MLH = p(homozygous loci)) for each chromosome RNO1-X, and genome-wide MLH from loci on all chromosomes, on PD i from a general linear model including body weight, litter, sex and cohort date as a rough test of the role of genetic homeostasis on dispersion ('heterozygosity-trait correlation'; (HANSSON and WESTERBERG 2002) ) in the complete F 2 cohort. MLH-PD i regression was also modeled separately within males and females to determine whether MLH-PD i associations differed by sex for comparison to results from Model 2, above. P-values by chromosome were Bonferronicorrected for multiple testing (VERHOEVEN et al. 2005) .
Gene expression
We screened gene expression in kidney and duodenal tissue collected from three female GHS and three female SD rats; the latter strain was chosen to represent the unselected state of the GHS strain comparable to the GHS save for selective history. As the sites of calcium uptake and excretion (MOE and BONNY 2005) 
RESULTS
Genetic dispersion
Variance in urinary calcium excretion: Female F 2 rats had significantly higher PD i than males in the F 2 cohort (χ 2 = 5.23, p = 0.0221, µ ♀ = 0.91 ± 0.12 mg/day, µ ♂ = 0.70 ± 0.13 mg/day).
Variance and coefficients of variance in the F 2 rats (σ 2 = 1.59, CV = 0.55) were considerably higher than in the WKY and GHS progenitors (see (HOOPES et al. 2003) ).
We identified significant genotypic differences (p < 0.05) in PD i at the microsatellites D3Rat46 (RNO3, 33.9 MB) and D4Rat76 (RNO4, 84.8 MB) over the entire population after Bonferroni correction (Table 1 ; Figure 1 ). We considered these to represent QTL for PD i in urinary calcium excretion, here termed hcpd1 (linked to D3Rat46) and hcpd2 (linked to D4Rat76) (Table 1 ). Contrast analysis indicated that hcpd1 was underdominant (P < 0.001); σ 2 in untransformed urinary calcium excretion in WKY homozygotes was three times that in WKY/GHS heterozygotes and twice that of GHS homozygotes (Table 1) . Hcpd2 was additive (P < 0.001); PD i for urinary calcium excretion was significantly higher for WG heterozygotes than WW homozygotes (P < 0.01), and higher in GG homozygotes than WG heterozygotes (P < 0.05; Sex-limited QTL for dispersion: D3Rat46, which was linked to the QTL hcpd1 in the complete F 2 cohort (above), was associated with PD i in urinary calcium excretion at the α 0.05 Bonferroni threshold (Figure 2 ). At this position, female WKY homozygotes had significantly higher PD i than WKY/GHS heterozygotes after Bonferroni correction (p = 0.003; Figure 2 ; Table 2 ). There was an a priori difference between GHS/WKY heterozygotes and WKY homozygotes in male F 2 s (P = 0.0486), but this locus was not significantly associated with PD i in males after multiple correction (P > 0.1). There was no evidence of significant interaction between D3Rat46 and the sex of the F 2 rat after Bonferroni correction (P = 0.128). Contrast tests in SAS (2000) indicated that PD i at this locus was overdominant in females (F 2, 125 = 8.62, P = 0.004).
Two other loci -D9Mgh2, D12Rat25 -were associated with PD i at the FDR in female F 2 rats (P < 0.001; Figure 2 ; Table 2 ). GHS homozygotes had significantly higher PD i than WKY/GHS heterozygotes (P = 0.0147) and WKY homozygotes lower PD i than GHS homozygotes in females at D9Mgh2 (P = 0.0873; Figure 3 ), which had negative dominance for the WKY allele (P = 0.0060). Contrast tests indicated additivity at D12Rat25 (P = 0.0018); WKY homozygotes had significantly higher PD i than GHS homozygotes (P = 0.0054; Figure 3 ; Table   2 ). Neither of these loci were linked to PD i in male F 2 rats (Figure 1 ). There was significant statistical interaction between sex and genotype at these microsatellite loci in the F 2 s (D9Mgh2: F = 4.13, P = 0.0293; D12Rat25: F = 7.82, P = 0.0043). At D9Mgh2, female GHS homozygotes had significantly higher PD i than male GHS homozygotes (P = 0.012), while female WKY homozygotes had significantly higher PD i than male WKY homozygotes (P = 0.0225; see Figure   3 ). There was no significant sex-locus interaction for hcpd1 or hcpd2 (P > 0.3).
Multilocus heterozygosity: Whole-organismal MLH was not associated with residuals of calcium excretion (P > 0.8). MLH on RNO2 was marginally negatively association with residuals for calcium excretion (F = 3.16, P = 0.0766, β = -0.272 ± 0.300 |mg/day|) and MLH on RNO7 was marginally positively associated with calcium excretion residuals (F = 2.95, P = 0.0871, β = 0.251 ± 0.288 |mg/day|).
MLH was negatively associated with PD i in females on RNO3 (β = -0.639 ± 0.508, r 2 = 0.0466, P = 0.0151), but positively associated with PD i at a priori significance in males on RNO15 (β = 0.303 ± 0.267, r 2 = 0.0496, P = 0.0284) and 19 (β = 0.347 ± 0.276, r 2 = 0.0534, P = 0.0157). None of these associations passed correction for multiple testing.
A total of 8846 renal genes and 9038 duodenal genes had an acceptable signal-to-noise ratio (> 50) in the 230A Affymetrix R230A assay. Numerous genes with high CVs in expression in these regions were associated with acetylation, spliceosome formation, RNA modification, serine/threonine physiology, immunology, and metal-ion physiology (Supplement 1).
Renal genes with acceptable signal within 10 MB of PD i QTL were enriched for acetylation (P < 0.05) and intracellular organelle lumen/organelle lumen (P < 0.05) functions by annotation (Table 3 ). Significant (α 0.05 ) clusters of genes (EASE score (E) = geometric meanlog(P)) were identified for nuclear membranes/lumena (E = 2.91), mitochondrial (E = 1.87),
protein catabolism (E = 1.52) and mitochondrial transit peptides (E = 1.39) using DAVID (HUANG et al. 2009 ).
Duodenal genes with acceptable signal linked to PD i QTL were enriched for acetylation (P < 0.05) genes according to annotation (Table 3) . Hit rates were relatively high for each group (≈ 15%). Annotational clusters identified from duodenal samples included organellar lumena (E = 2.04), ribosomal translation (E = 1.78), intracellular protein transport (E = 1.57), and those located in the endoplasmic reticulum (E = 1.46).
Sex and CV in RNO1 congenic rat lines
Because of our findings of differences in dispersion between male and female F 2 rats, we further tested for sex differences in residuals in our subcongenic RNO1 rat line (HOOPES et al. 2003) . These lines are descended from a single GHS male (HOOPES et al. 2003) . Congenic rats used in this analysis had been retrocrossed to WKY animals for 6-11 generations in the process of fixation of WKY genetic background, including RNO1 outside the 95% critical region for HC1 (220-239 Mbp). WKY genotype was determined during this selection using microsatellite genotyping (HOOPES et al. 2003) . Four-day CVs in urinary calcium were calculated for each congenic rat. Given the higher CV for urinary calcium in WKY males, and the concentration of WKY genotype in the congenic lines via retrocross, we predicted higher CVs for male rats in the congenic lines. Congenic rats were fed a high-calcium diet (1.2% Ca, 0.65% PO 4 ); TD.90312.PWD; Harlan Teklad, Indianapolis) for ten days and urinary calcium was measured daily (as above). We calculated the CV for urinary calcium for each congenic individual; malefemale differences in mean CV were compared for each sex within each line and generation using nonparametric ranking and t-tests.
Two hundred seventy males and 61 female congenics in five generations were available.
Males had significantly higher CV than females overall in the congenic population ( Table 4 ).
DISCUSSION
Two microsatellite loci were significantly associated with absolute residual dispersion at Bonferroni-corrected significance thresholds across the entire population, which we consider evidence for QTL for residual variance in urinary calcium. The likelihood of all eleven tests significant at the 5% FDR being false positives was 9%, and 0.3% for all results significant a priori (see (MORAN 2003) ). MLH was not associated with dispersion. Allelic heterogeneity appears most the likely explanation for our findings (HILL and BUNGER 2004; HILL and ZHANG 2004) . Our hypotheses of sex linkage on dispersion in urinary calcium: female F 2 rats had higher dispersion in urinary calcium than males (P < 0.05), and QTL for phenotypic dispersion were detected only in female F 2 s (P < 0.05), while male WKY animals and male congenics in each RNO1 subcongenic line (being > 1 -0.5 6 ≈ 98% WKY genome) had significantly higher CVs for urinary calcium than females (P < 0.001), suggesting differences in sex linkage between GHS and WKY rather than sex limitation. Sex differences in the effect of hcpd1 (D3Rat46) and hcpd2 (D4Rat76) on dispersion were scalar, but there were significant male-female differences in dispersion patterns by genotype at D9Mgh2 and D12Rat25.
Sex may be the most fundamental contrast in biology (ANDERSSON 1994; GABORY et al. 2009 ); there is widespread sexual dimorphism in gene expression (CLODFELTER et al. 2006; WAUTHIER and WAXMAN 2008; WAXMAN and CELENZA 2003; YANG et al. 2006) and intersexual genetic correlation is routinely less than unity (CHIPPINDALE et al. 2001; STEWART et al. 2010 ; VAN DOORN 2009) . Previous work of ours indicates sex effects on the genetic structure of residuals for operant behavior in rats (PERRY et al. 2010a ) and sex chromosomal-autosomal interaction for thermotolerance in rainbow trout (PERRY et al. 2003) . Other work suggests the effects of sex on plasticity (FERNANDEZ-MONTRAVETA and MOYA-LARANO 2007; STILLWELL et al. 2010 ) or on phenotypic residuals over environmental gradients (MACKAY and LYMAN 2005) ; however, we found no association of dispersion with rearing group or litter (P > 0.1). Various Xchromosomal peculiarities, including pseudoautosomal recombination and mutation (FILATOV and GERRARD 2003; LERCHER and HURST 2002; LIEN et al. 2000; ROSS et al. 2005) , variable Xchromosomal deactivation (HEARD and DISTECHE 2006; LEEB and WUTZ 2010) including among lineages (PATRAT et al. 2009 ) might explain such effects (CHARLESWORTH et al. 1987; EVANS et al. 2007) . Some molecular chaperones including hsp70, hsp90 and Piwi-interacting RNA canalize variability in morphological and over environmental and genetic axes (FERNANDINO et al. 2011; GANGARAJU et al. 2011; GIBERT et al. 2007) . Work in mice suggests that environmental buffers of gene expression are sex-specific (FRASER and SCHADT 2010) . Sex might also affect dispersion via simple hormonal fluctuations over oestrus. All animals were used specifically at eight weeks of age in order to minimize oestral effects, which may have been common to litter and/or cohort. Other work of ours also indicates significant genetic effects on
CVs for urinary calcium in males alone, suggesting a genetic basis for residual variability independent of oestral cycling (PERRY et al. 2011 ).
Gene expression: Enrichment for calcium excretion genes around QTL for untransformed urinary calcium (HOOPES et al. 2003) and for acetylation, luminal and MHC II genes around our dispersion QTL suggests a firebreak between conventional genetic effects and those on variance;
interesting, both conventionally-acting QTL for calcium excretion in the F 2 mapping cohort (HC1 and HC2) were detectable only in males (PERRY et al. 2009; SCHEINMAN et al. 2008 ).
Lysine acetylation is a common (up to 90% of all Eukaryotic proteins (GLOZAK et al. 2005; SADOUL et al. 2008) ) modifier of histone and non-histone proteins (SADOUL et al. 2008; YANG and SETO 2008) and may interact with other post-translation protein modification processes such as methylation and ubiquitination (YANG and SETO 2008) . Such a ubiquitously active genetic pathway might explain the frequently-encountered 10% CV in juvenile mammalian body size (see (HILL and ZHANG 2004) ). Several genes with high expression CV linked to our dispersion loci are also known gene expression modifiers including several serine-rich protein genes, which are also involved in alternate splicing (FU 1995) . LSm5 is a member of the like-Smith protein gene family, ubiquitous in eukaryotes (MARZ et al. 2008) and critically involved in spliceosome function by binding to U6 small nuclear RNA (snRNA) (TKACZ et al. 2008; VALADKHAN 2010) . RADMANESH et al. 2008) . Tra2a is critically involved with sexual differentiation in Drosophila (HOSHIJIMA et al. 1991; RYNER and BAKER 1991) and mammals (LIEBERMAN et al. 2001; SHIRAISHI et al. 2004; TACKE et al. 1998) , and promotes premRNA splicing (TACKE et al. 1998) .
Methylmalonic aciduria and homocystinuria type D protein (Mmadhc) is associated with methylation (COELHO
Conclusions:
Genes for residual variability might conceivably interfere with the detection, characterization and localization of phenotype-genotype correlation by increasing type II error and reducing power due to increasing residual genetic variation. Sex-limited or sex-specific residual variance structures could create an entirely new level of analytical complexity, creating unsuspected genotypic architectures for seemingly classical phenotypes. Using our own example: hcpd2 is linked (16 cM; ~ 40 MB) to a classically-acting QTL for hypercalciuria (HC2) in our study population (PERRY et al. 2009) . HC2 is partially sex-limited to males and has an exceedingly wide 95% confidence interval (CI) (48 cM; ~ 90 MB (SCHEINMAN et al. 2008 
));
HC2 is also flanked by two positions associated with dispersion. HC1 was of equivalent effect but narrower CI (≈ 12 cM) and was not flanked by dispersion loci in our F 2 population (PERRY et al. 2009 ). Much of the theoretical correction for such effects might revolve around sex, requiring explicit inclusion of sex-specific phenotypic or genotypic heterogeneity. The fundamental construction of this phenomenon leaves no reason to believe that it should be confined to any particular system: such a phenomenon might theoretically affect any genetic analysis, although the risk would presumably be greatest for dispersion loci in linkage or linkage disequilibrium with more typical QTL. Practically, the identification of such effects would require either identification of genetic structure in residuals or the use of multiple measurements to account for genetic residuals. Dispersion genotypes could also promote escape from local fitness peaks by creating wider trait ranges over adaptive phenotypic landscapes (see (WRIGHT 1931) ), crossing of fitness troughs by liberating genotype-phenotype associations or even reducing sib competition by limiting overlap in phase space (BEGON et al. 2006; BRIGATTI et al. 2007; LEONE and ESTEVEZ 2008) . Such a bet-hedging strategy might be more common in r-selected organisms; for example, juvenile coral growth rates are highly variable, but recruits to coral communities have stable growth functions (VERMEIJ 2006) . Rapid evolution in changing environments is sometimes cited as an advantage of sex (CROW 1992) ; in addition to the exposure of deleterious mutations to selection (KONDRASHOV 1988; LOEWE and HILL 2010; MAYNARD SMITH 1978; PARK et al. 2010) , sex might also facilitate evolution by the liberation of residual variance. These suppositions remain largely untested: little is known of the potential statistical or natural state of such systems and further work is required to establish their role.
Urinary calcium itself might have fitness relevance; calcium is a critical element in numerous physiological pathways including but not limited to signal transduction, membrane potential, cofactor activity and bone physiology in addition to its function in muscular metabolism (BORON and BOULPAEP 2011) . Genetic dispersion in calcium metabolism might be a system for rapid reaction to changing ionic requirements, using bone as a stable reserve against physiological outlay; our findings suggest that dispersion systems might be common in evolutionary biology, active at many levels from large to small and integrally involved in the essentials of cellular physiology. 
